In freshwater fish, processes of population divergence and speciation are often linked 12 to the geomorphology of rivers and lakes that create barriers isolating populations. 13
suggesting that past gene flow is common in several species, including in humans (e.g. We tested values of K between 1 and 8, performing 100 repetitions for each K value.species, we used the SNP data to reconstruct a species and population tree describing 214 the relationships between the populations using TreeMix (Pickrell and Pritchard 2012). 215
We explored a scenario with no migration, as well as models allowing for up to two 216 migration events. Since we do not have an outgroup, the position of the root was not 217 specified, and thus the resulting trees are unrooted. 218
219

Effect of linked SNPs 220
It is noteworthy that PCA, sNMF and TreeMix methods assume that SNPs are 221 independent, and thus results can be affected by linked SNPs in our dataset. Given the 222 absence of a reference genome, we lack information on the location of the SNP 223 markers. To verify if the results were influenced by potential linkage of SNP markers, 224 we produced a dataset by dividing each scaffold of the catalog into blocks of 200 base 225 pairs, which is larger than the mean size of GBS loci. We then selected the SNP with 226 less missing data per block to generate a dataset with a single SNP per block. Using 227 this "single SNP" dataset, we repeated the three aforementioned analysis. to ensure the same number of parameters, in the models without admixture we allowed 283 for a bottleneck associated with the split of the northern S. pyrenaicus from S.three models (see results), we then compared the fit of three more complex models to 288 distinguish between a hybrid origin of the northern S. pyrenaicus and a secondary 289 contact: "Hybrid Origin", "C-PN + Sec Contact PN-PS" and "PN-PS + Sec Contact PN-290 C". The "Hybrid Origin" model is identical to the previous "Admixture" model. However, 291
to ensure the same number of parameters as the two other models, we allowed for a 292 bottleneck after the split and hybridization, mimicking a founder event. The "C-PN + 293
Sec Contact PN-PS" model assumes that S. carolitertii (C) and the northern S. 294 pyrenaicus (PN) share a more recent common ancestor followed by a secondary 295 contact between the northern and the southern S. pyrenaicus (PN-PS). Finally, the 296 "PN-PS + Sec Contact PN-C" model assumes that the northern (PN) and the southern 297 (PS) S. pyrenaicus share a more recent common ancestor followed by a secondary 298
contact between the northern S. pyrenaicus and S. carolitertii (PN-C). 299
To obtain an observed SFS without missing data, we built the joint 3D-SFS by 300 sampling 2 individuals from S. carolitertii and the southern S. pyrenaicus, and 3 301 individuals from the northern S. pyrenaicus. Given the lack of an outgroup, we could 302 not identify the ancestral state of alleles, and hence used the minor allele frequency 303 spectrum. To sample individuals without missing data, we used the initial dataset but 304 without the MAF filter, and each scaffold was divided into blocks of 200bp (which is 305 larger than the average length of the GBS loci), and for each block we sampled the 306 individuals from each population with less missing data keeping only the sites with data 307 across all individuals. Given that the SFS is affected by the depth of coverage, only 308 genotypes with a depth of coverage >10x were used (Nielsen et al. 2011 ). This 309 resulted in an observed SFS with 6,753 SNPs. For each model we performed 50 310 independent runs with 50 cycles, approximating the SFS with 100,000 coalescent 311 simulations. To convert the relative divergence times estimated into absolute time inmillion years (Mya), we assumed a generation time of 3 years for these species 313 individual ( Figure S12 and Table S5 ). Overall, we found no significant variation among 438 different individuals from the same population, suggesting that introgression events are 439 likely pre-dating the divergence of populations. 440
441
Demographic modelling of divergence of S. carolitertii and S. pyrenaicus 442
For the first three models tested (Figure 6 A-C), which were intended at investigating 443 whether an introgression scenario was a better fit for the data than a simply bifurcating 444 tree, the "Admixture" models achieved a higher likelihood than the models without Table S6 ). Under this model 459 we estimated that, at the time of the secondary contact, the northern S. pyrenaicus 460 received a contribution of 80.29% from S. carolitertii and that the effective sizes of the 461 three populations are similar ( Figure 6F ). Despite the fact that this model has a slightly 462 higher likelihood, we note that the difference in likelihood between these three models 463 is small, and hence with current data we have no power to distinguish this from the 464 hybrid origin model. All three models indicate similar relative times, with a recent 465 divergence of the northern S. pyrenaicus (Table S7B) 
. For the best model ("PN-PS + 466
Sec Contact PN-C"), the relative time of the secondary contact is approximately half of 467 the divergence time of the northern S. pyrenaicus. Finally, all six models suggest that 468 the ancestral population of the three lineages had a small effective size (Table S7A and 
populations of S. carolitertii, S. pyrenaicus, S. aradensis and S. torgalensis using 474
genome-wide data (SNPs) obtained through Genotyping by Sequencing, as well as test 475 for the possibility of past introgression between S. carolitertii and S. pyrenaicus in the 476 northern part of S. pyrenaicus distribution. We successfully obtained a high-quality set 477 of SNP markers for these four species from GBS data without a reference genome. 478
479
Inferring a species tree from population genomic data 480
Taken together, our results indicate a species tree composed of two main 481 
lineages: (i) S. torgalensis and S. aradensis and (ii) S. carolitertii and S. pyrenaicus.
Introgression between S. carolitertii and S. pyrenaicus 507
For the second lineage, comprising S. carolitertii and S. pyrenaicus, we find 508 overall relatively lower genetic differentiation between the northern S. pyrenaicus and 509 (Table 1 and reconciliates previous incongruencies between mitochondrial and nuclear marker 522 results.
S. carolitertii than between northern and southern S. pyrenaicus
Our estimates from the demographic modelling based on the joint population 524 site frequency spectrum showed that a scenario of introgression ("Admixture" model) is 525 more likely than one without any gene flow (Figure 6 A-C) , indicating that the 526 divergence of S. pyrenaicus and S. carolitertii involved events of gene flow, and thus 527 the species tree cannot be simply explained by a bifurcating tree. These are simple 528 models but, nonetheless, indicate that northern S. pyrenaicus seems to be a mixture of 529 S. carolitertii and the southern S. pyrenaicus lineage, with a higher proportion from S. 530 carolitertii ( Figure 6A-C) . This could explain why S. pyrenaicus from the Tagus and 531
Guadiana cluster together in previously inferred mtDNA phylogenies but seem to group 532 in different clusters on nuclear and genome-wide data. The fact that we infer a 533 relatively small admixture contribution from the southern S. pyrenaicus (≈14%) is 534 probably the reason why this introgression was not detected with the D-statistics for all 535 the northern S. pyrenaicus populations used ( Figure 5B ). However, D-values tend to be 536 positive and are in fact significant when the northern S. pyrenaicus populations is 537
Ocreza, suggesting some shared alleles between northern and southern S. pyrenaicus, 538 which would not be expected in the case of a simple bifurcating tree where S. 539 carolitertii and the northern S. pyrenaicus share a more recent common ancestor. 540
Moreover, the consistency of the results obtained for the D-statistic independently of 541 the northern S. pyrenaicus used indicate that the introgression had to be older than the 542 isolation of different populations in tributaries of the Tagus basin (Ocreza and Canha, 543 on opposite margins of the main river). In fact, the introgression had to be older than 544 the isolation of S. pyrenaicus in Lizandro, which is not connected to the Tagus basin, 545 although it might have been colonized from there, at a time when connections were still 546 present, as it has been hypothesised for other small basin nearby (Colares) (Sousa-547
Santos et al. 2007). 548
The "Admixture" model assumes that the time of the admixture with thescenario of hybrid speciation. Indeed, this result raises the possibility that S. pyrenaicus 551 from Tagus drainage is a different species resulting from hybridization between the 552 southern Guadiana drainage lineages and S. carolitertii lineages, which could have 553 happened during the changes of endorheic paleo-drainage systems. In fact, hybrid 554 speciation has been invoked to explain incongruences between nuclear and mtDNA 555 markers and has been proposed in several instances in freshwater fish (DeMarais et al. introgression, even though we are not able to reject the hypothesis that the northern S. 590 pyrenaicus is a new taxon resulting from hybrid speciation. Indeed, estimates suggest 591 that a secondary contact is as good to explain our data. We note that the models we 592 considered are still a major simplification and that our models do not fit exactly the 593 observed SFS ( Figure S13 ). This suggests that the mode of speciation can be even 594 
